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ABSTRACT
Context. The lack of knowledge of photospheric parameters and the level of chromospheric activity in young low-mass pre-main
sequence stars introduces uncertainties when measuring mass accretion rates in accreting (Class II) Young Stellar Objects. A detailed
investigation of the effect of chromospheric emission on the estimates of mass accretion rate in young low-mass stars is still missing.
This can be undertaken using samples of young diskless (Class III) K and M-type stars.
Aims. Our goal is to measure the chromospheric activity of Class III pre main sequence stars to determine its effect on the estimates
of accretion luminosity (Lacc) and mass accretion rate ( ˙Macc) in young stellar objects with disks.
Methods. Using VLT/X-Shooter spectra we have analyzed a sample of 24 non-accreting young stellar objects of spectral type between
K5 and M9.5. We identify the main emission lines normally used as tracers of accretion in Class II objects, and we determine their
fluxes in order to estimate the contribution of the chromospheric activity to the line luminosity.
Results. We have used the relationships between line luminosity and accretion luminosity derived in the literature for Class II objects
to evaluate the impact of chromospheric activity on the accretion rate measurements. We find that the typical chromospheric activity
would bias the derived accretion luminosity by Lacc,noise< 10−3L⊙, with a strong dependence with the Teff of the objects. The noise on
˙Macc depends on stellar mass and age, and the typical values of log( ˙Macc,noise) range between ∼ −9.2 to −11.6M⊙/yr.
Conclusions. Values of Lacc. 10−3L⊙ obtained in accreting low-mass pre main sequence stars through line luminosity should be
treated with caution as the line emission may be dominated by the contribution of chromospheric activity.
Key words. Stars: pre main sequence — Stars: low-mass – Stars: activity - accretion
1. Introduction
Circumstellar disks are formed as a natural consequence of an-
gular momentum conservation during gravitational collapse of
cloud cores (e.g. Shu et al., 1987). In the early phases of star
formation, the disk allows for the dissipation of angular mo-
mentum channeling the accretion of material from the infalling
envelope onto the central young stellar object (YSO). At later
stages, when the envelope is dissipated, planetary systems form
in the disk, while the star-disk interaction continues through the
inner disk and the stellar magnetosphere. This phenomenon con-
strains the final stellar mass build-up (e.g. Hartmann et al., 1998)
and its typical timescales are connected with the timescales
on which disks dissipate and planet formation occurs (e.g.
Herna´ndez et al., 2007; Fedele et al., 2010; Williams & Cieza,
2011).
⋆ Based on observations collected in the programs 084.C-0269,
085.C-0238, 086.C-0173, 087.C-0244, 089.C-0143 at the European
Organisation for Astronomical Research in the Southern Hemisphere
(Chile).
Accretion can be observed using typical signatures in the
spectra of YSOs, such as the continuum excess in the blue part of
the visible spectrum (e.g. Gullbring et al., 1998) and the promi-
nent optical and infrared emission lines (e.g. Muzerolle et al.,
1998; Natta et al., 2004; Herczeg & Hillenbrand, 2008;
Rigliaco et al., 2012). The measurements used to determine
the bolometric accretion luminosity (Lacc) are either direct
or indirect. Direct measurements are obtained by measuring
the emission in excess of the photospheric one in the Balmer
and Paschen continua and adopting a model to correct for the
emission at the wavelengths not covered by the observations,
and which originates mostly below the U-band threshold (e.g.
Valenti et al., 1993; Gullbring et al., 1998; Calvet & Gullbring,
1998; Herczeg & Hillenbrand, 2008; Rigliaco et al., 2012)
or by line profile modelling (e.g. Muzerolle et al., 1998).
Indirect measurements are obtained using empirical correla-
tions between emission line luminosity (Lline) and Lacc (e.g.
Muzerolle et al., 1998; Natta et al., 2004, 2006; Mohanty et al.,
2005; Rigliaco et al., 2011).
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Measurements of mass accretion rate ( ˙Macc) are subjected to
many uncertainties, because this quantity depends on Lacc and
on the mass-to-radius (M∗/R∗) ratio. This ratio is normally de-
termined from the position of the object on the HR diagram and a
set of evolutionary models. Uncertainties on spectral type (SpT)
of the objects affect the determination of effective temperature
(Teff) while those on the extinction (AV) and the distance mainly
affect the estimate of stellar luminosity (L∗). It is not trivial to
determine those parameters in accreting stars because of accre-
tion shocks on the stellar surface producing veiling in the pho-
tospheric lines (e.g. Calvet & Gullbring, 1998) and modifying
the photometric colors (e.g. Da Rio et al., 2010). Moreover, the
derivation of Lline, from which Lacc is determined, is affected
by another stellar property, namely the chromospheric activ-
ity of the YSOs (Houdebine et al., 1996; Franchini et al., 1998).
Chromospheric line emission is usually small compared to the
accretion-powered emission, but it can become important when
accretion decreases at later evolutionary stages (Ingleby et al.,
2011) and in lower mass stars, where accretion rates are smaller
(Rigliaco et al., 2012). Therefore, this is an important source of
uncertainty that has not been investigated in detail so far.
Part of the INAF consortium’s Guaranteed Time
Observations (GTO) of X-Shooter, a broad-band, medium-
resolution, high-sensitivity spectrograph mounted on the
ESO/VLT, has been allocated for star formation studies, in
particular to investigate accretion, outflows, and chromospheric
emission in low-mass Class II young stellar and sub-stellar
objects (Alcala´ et al., 2011). The targets observed during the
GTO were chosen in nearby (d < 500 pc) star forming regions
with low extinction, and with many very low-mass (VLM) YSO
(M∗ < 0.2 M⊙). Generally, those YSOs for which measurements
in many photometric bands were available, both in the IR (e.g.
Herna´ndez et al., 2007; Merı´n et al., 2008) and in the visible
part of the spectrum (e.g. Merı´n et al., 2008; Rigliaco et al.,
2011) were selected. In order to derive Lacc of a given Class
II YSO a Class III template of the same SpT as the Class II is
needed. Therefore, during this GTO survey 24 Class III targets
in the range K5-M9.5 have been observed, providing the first
broad-band grid of template spectra for low-mass stars and
brown dwarfs (BDs). Since these spectra have a very large
wavelength range (∼350 - 2500 nm) covering part of the UV
spectrum (UVB), the whole Visible (VIS), and the Near Infrared
(NIR), this sample allows us to: determine the stellar parameters
of the targets, derive the chromospheric emission line fluxes
and luminosities and, hence, determine the implications of
chromospheric emission on the indirect accretion estimates in
Class II objects.
The paper is structured as follows. In Sect. 2 we discuss the
sample selection, the observation strategy and the data reduc-
tion procedure. In Sect. 3 we describe how SpTs of our targets
have been determined, while in Sect. 4 we derive their main stel-
lar parameters. In Sect. 5 we identify the main lines present in
the spectra and derive their intensities. In Sect. 6 we discuss the
implications of the line luminosity found for studies of ˙Macc in
Class II YSOs. Finally, in Sect. 7 we summarize our conclusions.
2. Sample, observations and data reduction
2.1. Sample
Among the objects observed in the GTO survey, we selected
only those that have been classified as Class III objects using
Spitzer photometric data. The sample comprises Class III YSOs
in the σ Orionis, Lupus III and TW Hya associations. In the
end, the number of targets is 24; 13 objects are members of the
TW Hya association, 6 of the Lupus III cloud and 5 of the σ
Orionis region. Their SpTs range between K5 and M9.5 (see
Sect. 3). Three BDs, namely Par-Lup3-1, TWA26, and TWA29,
are included in our sample, with SpT M6.5, M9, and M9.5, re-
spectively. Data available from the literature for these objects are
reported in Table 1.
Six YSOs in our sample are components of three known
wide visual binary systems. In all cases we were able to resolve
them, given that their separations are always larger than 6′′.
2.2. Observations
All the observations have been made in the slit nodding mode, in
order to achieve a good sky subtraction. Different exposure times
and slit dimensions were used for different targets, in order to
have enough S/N and to avoid saturation. The readout mode used
in all the observations was “100,1x1, hg”, while the resolution
of our spectra is R = 9100, 5100, and 3300 in the UVB arm
for slit 0.5′′, 1.0′′, and 1.6′′, respectively; R = 17400, 8800, and
5400 in the VIS arm for slit 0.4′′, 0.9′′, and 1.5′′, respectively;
R = 11300, 5600, and 3500 in the NIR arm for slit 0.4′′, 0.9′′,
and 1.5′′, respectively. We report in Table 2 the details of all
observations performed for this work.
2.3. Data reduction
The data reduction has been done using two versions of the
X-Shooter pipeline (Modigliani et al., 2010), run through the
EsoRex tool, according to the period in which the data were ac-
quired: version 1.0.0 has been used for the data of December
2009 and May 2010, while for data gathered in January 2011,
April 2011, and April 2012, version 1.3.7 has been used. The two
versions lead to results that are very similar. The reduction has
been done independently for each spectrograph arm. This takes
into account also the flexure compensation and the instrumental
profile. We have used the pipeline recipe xsh scired slit nod
which includes bias and flat-field correction, wavelength calibra-
tion, order tracing and merging and flux calibration. Regarding
the last point, by comparison of the response function of differ-
ent flux standards observed during the same night, we estimate
an intrinsic error on the flux calibration of less than 5%. Given
that some observations have been done with poor weather condi-
tions (seeing ∼3.5′′) or with narrow-slits, we have then checked
the flux calibration of each object using the available photomet-
ric data, usually in the U, B,V,R, I, J, H, K bands, as reported in
Table 1. We have verified that all the spectra match well the
photometric spectral energy distribution (SED) and adjusted the
flux-calibrated spectra to match the photometric flux. Binaries
have been reduced in stare mode. Telluric removal has been done
using standard telluric spectra obtained in similar conditions of
airmass and instrumental set-up of the target observations. This
correction has been accomplished with the IRAF1 task telluric,
using spectra of telluric standards from which photospheric lines
were removed using a multigaussian fitting. The correction is
very good at all wavelengths, with only two regions in the NIR
arm (λλ 1330-1550 nm, λλ 1780-2080 nm) where the telluric
absorption bands saturate. More detail about the reduction will
be reported in Alcala´ et al. (2013, in prep.).
1 IRAF is distributed by National Optical Astronomy Observatories,
which is operated by the Association of Universities for Research
in Astronomy, Inc., under cooperative agreement with the National
Science Foundation.
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Table 1. Known parameters from the literature.
Name Other names RA (J2000) DEC (J2000) Region D SpT U B V R I J H K Ref
TWA9A CD −36 7429A 11 48 24.22 −37 28 49.15 TW Hya 68 K5 ... 12.52 11.26 ... 6.94 8.68 8.03 7.85 1,2,3
SO879 ... 05 39 05.42 −02 32 30.34 σ Ori 360 K5 17.09 14.70 14.44 13.53 12.83 11.55 10.86 10.67 3,4,5,6,7,8,9
TWA6 Tyc 7183 1477 1 10 18 28.70 −31 50 02.85 TW Hya 51 M0 ... 13.39 11.81 ... 9.94 8.87 8.18 8.04 1,3,10
TWA25 Tyc 7760 283 1 12 15 30.71 −39 48 42.56 TW Hya 54 M0 ... 12.85 11.44 ... 9.50 8.17 7.50 7.31 1,3,11,12
TWA14 UCAC2 12427553 11 13 26.22 −45 23 42.74 TW Hya 96 M0.5 ... ... 13.80 ... 10.95 9.15 8.73 8.50 2,3,13
TWA13B RX J1121.3−3447S 11 21 17.24 −34 46 45.5 TW Hya 59 M1 ... 12.88 11.46 ... 9.57 8.43 7.73 7.49 1,3,11,12
TWA13A RX J1121.3−3447N 11 21 17.4 −34 46 50 TW Hya 59 M1 ... 13.43 11.96 ... 9.88 8.43 7.68 7.46 1,3,11,12
TWA2A CD −29 8887A 11 09 13.81 −30 01 39.8 TW Hya 47 M2 ... 12.55 11.07 ... 9.20 7.63 6.93 6.71 1,2,3
Sz122 ... 16 10 16.42 −39 08 05.07 Lup III 200 M2 ... 15.33 13.73 13.28 12.12 10.89 10.12 9.93 3,14,15,16
TWA9B CD −36 7429B 11 48 23.73 −37 28 48.5 TW Hya 68 M1 ... 15.43 14.00 ... 11.45 9.98 9.38 9.15 1,2,3
TWA15B ... 12 34 20.47 −48 15 19.5 TW Hya 111 M2 ... 13.30 12.20 13.41 11.80 10.49 9.83 9.56 3,17,18,19
TWA7 Tyc 7190 2111 1 10 42 30.06 −33 40 16.62 TW Hya 28 M2 ... 12.21 10.91 ... 9.10 7.79 7.12 6.90 1,3,10
TWA15A ... 12 34 20.65 −48 15 13.5 TW Hya 111 M1.5 ... 13.30 12.20 13.51 11.90 10.56 9.93 9.67 3,18,19
Sz121 ... 16 10 12.19 −39 21 18.11 Lup III 200 M3 ... 15.70 14.06 13.88 11.84 10.08 9.31 9.03 3,15,16
Sz94 ... 16 07 49.59 −39 04 28.79 Lup III 200 M4 ... 16.31 16.00 14.76 12.90 11.45 10.81 10.56 3,15,16
SO797 ... 05 38 54.92 −02 28 58.35 σ Ori 360 M4 21.05 19.84 18.61 17.26 15.50 13.80 13.20 12.87 3,5,20,21
SO641 ... 05 38 38.58 −02 41 55.86 σ Ori 360 M5 21.65 ... ... 18.28 16.36 14.56 13.97 13.65 3,5,22,23
Par−Lup3−2 ... 16 08 35.78 −39 03 47.91 Lup III 200 M6 ... 16.88 15.49 15.02 13.09 11.24 10.73 10.34 3,15,24
SO925 ... 05 39 11.39 −02 33 32.78 σ Ori 360 M5.5 22.57 ... ... ... 16.54 14.45 13.93 13.57 3,5,9,22
SO999 ... 05 39 20.23 −02 38 25.87 σ Ori 360 M5.5 21.41 21.12 18.97 17.57 15.56 13.61 13.04 12.78 3,5,21,22
Sz107 ... 16 08 41.79 −39 01 37.02 Lup III 200 M5.5 ... 17.31 16.06 15.42 13.20 11.25 10.62 10.31 3,15,16,25
Par−Lup3−1 ... 16 08 16.03 −39 03 04.29 Lup III 200 M7.5 ... 17.74 19.92 18.15 15.28 12.52 11.75 11.26 3,15,24
TWA26 2M J1139511−315921 11 39 51.14 −31 59 21.50 TW Hya 42 M9 ... 20.10 ... 18.10 15.83 12.69 12.00 11.50 3,26,27
TWA29 DENIS−P J124514.1−442907 12 45 14.16 −44 29 07.7 TW Hya 79 M9.5 ... ... ... ... 18.00 14.52 13.80 13.37 28,29
References. (1) Torres et al. (2006); (2) Barrado Y Navascue´s (2006); (3) Cutri et al. (2003); (4) Caballero et al. (2010); (5) Rigliaco et al. (2011); (6) Morrison et al. (2001); (7) Herna´ndez et al.
(2007); (8) Sacco et al. (2008); (9) Caballero (2008); (10) Høg et al. (2000); (11) Zuckerman & Song (2004); (12) Messina et al. (2010); (13) Riaz et al. (2006); (14) Go´mez & Mardones (2003);
(15) Merı´n et al. (2008); (16) Cieza et al. (2007); (17) Shkolnik et al. (2011); (18) Samus’ et al. (2003); (19) Zuckerman et al. (2001); (20) Oliveira et al. (2006); (21) Sherry et al. (2004);
(22) Rigliaco et al. (2012); (23) Burningham et al. (2005); (24) Comero´n et al. (2003); (25) Hughes et al. (1994); (26) Reid et al. (2008); (27) DENIS Consortium (2005); (28) Kirkpatrick et al.
(2008); (29) Looper et al. (2007);
Notes. Distances to TW Hya objects are obtained by Weinberger et al. (2012), by Torres et al. (2008), and by Mamajek (2005), to σOri by Brown et al. (1994), and to Lupus III by Comero´n (2008).
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Table 2. Details of the observations.
Name SLITS texp Observation
UVB VIS NIR Date
TWA9A 0.5′′ 0.4′′ 0.4′′ 150s 16-17 May 2010
SO879 1.0′′ 0.9′′ 0.9′′ 3600s 11-12 Jan 2011
TWA6 0.5′′ 0.4′′ 0.4′′ 100s 12 Jan 2011
TWA25 0.5′′ 0.4′′ 0.4′′ 120s 16-17 May 2010
TWA14 0.5′′ 0.4′′ 0.4′′ 400s 12 Jan 2011
TWA13B 0.5′′ 0.4′′ 0.4′′ 150s 16-17 May 2010
TWA13A 0.5′′ 0.4′′ 0.4′′ 150s 16-17 May 2010
TWA2A 0.5′′ 0.4′′ 0.4′′ 100s 16-17 May 2010
Sz122 1.0′′ 0.9′′ 0.9′′ 600s 18 Apr 2012
TWA9B 0.5′′ 0.4′′ 0.4′′ 800s 16-17 May 2010
TWA15B 0.5′′ 0.4′′ 0.4′′ 600s 16-17 May 2010
TWA7 0.5′′ 0.4′′ 0.4′′ 100s 12 Jan 2011
TWA15A 0.5′′ 0.4′′ 0.4′′ 600s 16-17 May 2010
Sz121 1.0′′ 0.9′′ 0.9′′ 500s 18 Apr 2012
Sz94 1.0′′ 0.9′′ 0.9′′ 600s 16-17 May 2010
SO797 1.0′′ 0.9′′ 0.9′′ 2400s 23-24 Dec 2009
SO641 1.0′′ 0.9′′ 0.9′′ 3600s 23-24 Dec 2009
Par−Lup3−2 1.0′′ 0.9′′ 0.9′′ 1200s 16-17 May 2010
SO925 1.0′′ 0.9′′ 0.9′′ 3600s 21-22 Dec 2009
SO999 1.0′′ 0.9′′ 0.9′′ 2400s 24-25 Dec 2009
Sz107 1.0′′ 0.9′′ 0.9′′ 600s 22 Apr 2011
Par−Lup3−1 1.0′′ 0.9′′ 0.9′′ 600s 16-17 May 2010
TWA26 1.0′′ 0.9′′ 0.9′′ 3600s 22 Mar 2010
TWA29 1.6′′ 1.5′′ 1.5′′ 3600s 22 Mar 2010
The fully reduced, flux- and wavelength-calibrated spectra
are available on the ESO Archive2.
3. Spectral type classification
A careful SpT classification of the sample is important in order
to provide correct templates for accretion estimates of Class II
YSOs. Moreover, the procedure used to derive the SpT of Class
II and Class III YSOs should be as homogeneous as possible.
In this section we describe two different methods to derive SpT
for these objects. Firstly, we use the depth of various molecular
bands in the VIS part of the spectrum. Then, we describe the
second method, which consists of using spectral indices in the
VIS and in the NIR part of the spectrum. These provide us a
reliable, fast and reddening free method to determine SpT for
large samples of YSOs.
3.1. Spectral typing from depth of molecular bands
For the SpT classification of the objects, we use the analysis
of the depth of several molecular bands in the spectral region
between 580 nm and 900 nm (Luhman, 2004; Allen & Strom,
1995; Henry et al., 1994). This region includes various TiO (λλ
584.7-605.8, 608-639, 655.1-685.2, 705.3-727, 765-785, 820.6-
856.9, 885.9-895 nm), VO (λλ 735-755, 785-795, 850-865 nm)
and CaH (λλ 675-705 nm) absorption bands, and a few photo-
spheric lines (the CaII IR triplet at λλ 849.8, 854.2, 866.2 nm,
the NaI doublet at λ 589.0 and 589.6 nm, the CaI at λ 616.2 nm,
a blend of several lines of BaII, FeI and CaI at λ 649.7 nm, the
MgI at λ 880.7 nm, and the NaI and KI doublets at λλ 818.3 nm
and 819.5 and λλ 766.5 nm and 769.9, respectively.
In Fig. 1, 2 and 3 we show the VIS spectra of the objects in
the wavelength range between 580 and 900 nm. All the spectra
are normalized at 750 nm and, for the sake of clarity, smoothed
2 http://www.eso.org/sci/observing/phase3/data releases.html
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Fig. 4. Distribution of spectral types of the Class III YSOs dis-
cussed in this work. Each bin corresponds to one spectral sub-
class.
to a resolution of R∼2500 at 750 nm and vertically shifted. The
depth of the molecular features increases with SpT almost mono-
tonically, and, comparing the spectra of the targets using together
different wavelength subranges and different molecular bands,
we can robustly assign a SpT to our objects thanks to the differ-
ences in the depth of the bands, with uncertainties estimated to
be 0.5 subclasses.
With this spectral typing procedure, we classify all the ob-
jects in our sample with SpT earlier than M8. The agreement
between the SpTs derived here and those in the literature is
good, with only three cases where the difference is 2 spec-
tral subclasses. We assume the SpT available from the litera-
ture for the 2 YSOs with SpT later than M8 (Reid et al., 2008;
Kirkpatrick et al., 2008), because the classification by compari-
son of molecular bands depth with other spectra in the sample is
not possible due to the fact that our sample has a gap between
M6.5 and M9. We can only confirm that these objects have a SpT
later than the other targets in the sample and that their SpT dif-
fer by 0.5 subclass. The SpT obtained here are listed in Table 3
and in the first column of Table 4, and they are used for the rest
of the analysis. The distribution of SpT for the sample is shown
in Fig. 4. The range of the M-type is almost entirely covered,
providing a good sample for the goals of this paper and a solid
library of templates that can be used for Lacc estimates of Class
II YSOs.
In Appendix C the NIR and UVB spectra of all the sources
are shown. Also in these cases a trend with SpT can be seen.
3.2. Spectral indices for M3-M8 stars
Spectral indices provide a fast method to determine SpT for large
samples of objects. Here we test some of these indices for M-
type objects. Riddick et al. (2007) tested and calibrated various
spectral indices in the VIS part of the spectrum for pre main se-
quence (PMS) stars with SpT from M0.5 to M9. In fact, they
suggest the use of some reliable spectral indices valid in the
range M3-M8. We find that the best SpT classification can be
achieved by combining together results obtained using the set
of indices that we report in Table 5. We proceed as follows. For
4
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Fig. 1. Spectra of Class III YSOs with SpT earlier than M3 in the wavelength region where the spectral classification has been
carried out (see text for details). All the spectra are normalized at 750 nm and offset in the vertical direction by 0.5 for clarity. The
spectra are also smoothed to the resolution of 2500 at 750 nm to make easier the identification of the molecular features.
each object we calculate the SpT with all these indices, and then
assign the mean SpT using those results that are in the nominal
range of validity of each index. Typical dispersions of the SpT
derived with each index are less than half a subclass. We report
the final results obtained with these indices in the second col-
umn (VIS ind) of Table 4. Comparing these results with those
derived in the previous section, we report an agreement within
one subclass for all the objects in the range M3-M8, as expected.
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Fig. 2. Same as Fig. 1, but for SpTs between M3 and M5.
However, there are 4 YSOs classified M1-M2 from the depth of
molecular bands that would be classified M3 from the values of
the Riddick’s indices. This suggests that spectral classification
M3 obtained with spectral indices could, in fact, be earlier by
more than one subclass.
There are also indices based on features in the NIR part of the
spectrum (e.g Testi et al., 2001; Testi, 2009; Allers et al., 2007;
Rojas-Ayala et al., 2012). In Appendix B we compare the results
obtained with these NIR indices with the SpT derived in the pre-
vious section, in order to confirm the validity of some of these
indices for the classification of M-type YSOs.
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Fig. 3. Same as Fig. 1, but for SpTs later than M5.
4. Stellar parameters
To estimate the mass (M∗), radius (R∗) and age for each target
we compare the photospheric parameters (L∗,Teff) with the theo-
retical predictions of the Baraffe et al. (1998) PMS evolutionary
tracks. We derive the Teff of each star from its SpT using the
Luhman et al. (2003) SpT-Teff scale, while the procedure to esti-
mate L∗ is described in the next paragraph. We then use (L∗,Teff)
to place the stars on the HR diagram and estimate (M∗, age) in-
terpolating the theoretical evolutionary tracks. These parameters
are reported in Table 3. Finally, we obtain R∗ from L∗ and Teff.
7
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Table 3. Stellar parameters derived for the objects in our sample
Name SpT Teff [K] log(L∗/L⊙) M∗[M⊙] <log(Lacc,noise/L⊙)>
TWA9A K5 4350 −0.61 0.81 −3.38
SO879 K7 4060 −0.29 1.07 −2.88
TWA6 K7 4060 −0.96 0.66 −3.37
TWA25 M0 3850 −0.61 0.84 −3.04
TWA14 M0.5 3780 −0.83 0.73 −3.23
TWA13B M1 3705 −0.70 0.68 −3.32
TWA13A M1 3705 −0.61 0.70 −2.85
TWA2A M2 3560 −0.48 0.55 −3.36
Sz122 M2 3560 −0.60 0.54 −2.57
TWA9B M3 3415 −1.17 0.37 −3.93
TWA15B M3 3415 −0.96 0.37 −3.45
TWA7 M3 3415 −1.14 0.37 −3.84
TWA15A M3.5 3340 −0.95 0.30 −3.23
Sz121 M4 3270 −0.34 0.37 −3.25
Sz94 M4 3270 −0.76 0.28 −3.38
SO797 M4.5 3200 −1.26 0.19 −4.27
SO641 M5 3125 −1.53 0.12 −4.51
Par−Lup3−2 M5 3125 −0.75 0.18 −3.89
SO925 M5.5 3060 −1.59 0.10 −4.65
SO999 M5.5 3060 −1.28 0.13 −4.30
Sz107 M5.5 3060 −0.79 0.16 −3.69
Par−Lup3−1 M6.5 2935 −1.18 0.10 −4.74
TWA26 M9 2400 −2.70 0.02 −6.54
TWA29 M9.5 2330 −2.81 0.02 −6.64
Notes. The spectral type-Teff relation is adopted from Luhman et al. (2003) for M-type objects and from Kenyon & Hartmann (1995) for K-type
objects.
4.1. Stellar luminosity
Given the large wavelength coverage (∼300-2500 nm) of the X-
Shooter spectra, for objects with 2300 < Teff < 4400 K only
a small percentage of the stellar flux (. 10-30%) arises from
spectral regions outside the X-Shooter spectral range. We use,
therefore, the following procedure to estimate the total flux of
our objects: first, we integrate the whole X-Shooter spectrum
from 350 nm to 2450 nm, excluding the last 50 nm of spectra
on each side, that are very noisy, and the regions in the NIR
between the J, H and K-bands (λλ 1330-1550 nm, λλ 1780-2080
nm, see Sect. 2), where we linearly interpolate across the telluric
absorption regions. We then use the BT-Settl synthetic spectra
from Allard et al. (2011) with the same Teff as our targets (see
Table 3), assuming logg=4.0, typical of low-mass YSOs, and
normalized with our spectra at 350 and 2450 nm to estimate the
contribution to the total flux emitted outside the observed range.
The match of the normalization factors at the two ends is in all
cases very good. We show in Fig. 5 an example of this procedure.
The main source of uncertainty in L∗ comes from the un-
certainty in the spectroscopic flux. For the objects observed in
excellent weather conditions this matches the fotometric fluxes
to better than a factor .1.5. It is then reasonable to assume such
an uncertainty for all the objects in our sample, after normaliz-
ing the spectroscopic flux to the photometry (see Sect. 2.3). This
would lead to an uncertainty of less than 0.2 dex in logL∗.
To convert the bolometric fluxes obtained in this way in L∗
we adopt these distances: we assume that YSOs in the σOri
region have a distance of 360 pc (Brown et al., 1994), those
in TW Hya the distances listed in Weinberger et al. (2012), in
Torres et al. (2008), and in Mamajek (2005), and those in Lupus
III of 200 pc (Comero´n, 2008), as reported in Table 1. The de-
rived stellar luminosities are listed in Table 3. These values are
comparable with those obtained with photometric data in the lit-
Fig. 5. Example of the combination of a flux-calibrated and tel-
luric removed X-Shooter spectrum (black) with model spectra
with the same Teff (green), which is normalized at the red and
blue edges of the X-Shooter spectrum and shown only outside
the X-Shooter range. The telluric bands in the NIR are replaced
with a linear interpolation (red). In this figure we show the ex-
ample of TWA14.
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Table 4. Spectral types obtained using the method based on the spectral indices described in Sect. 3 and in Appendix B.
Name SpTa VIS indb H2O K2 H2O sH2OJ sH2OK sH2OH1 IJ IH HP
TWA9A K5 ... ... ... ... ... ... ... ... ...
SO879 K7 ... ... ... ... ... ... ... ... ...
TWA6 K7 ... ... ... ... ... ... ... ... ...
TWA25 M0 ... ... ... ... ... ... ... ... ...
TWA14 M0.5 ... ... ... ... ... ... ... ... ...
TWA13B M1 M3.3 ... ... ... M1.0 M1.2 ... M0.5 ...
TWA13A M1 M3.3 ... ... ... M1.0 M0.7 ... M0.7 ...
TWA2A M2 M3.3 M2.0 ... M2.6 M1.5 M0.1 M1.4 M0.5 ...
Sz122 M2 M3.4 M2.2 ... M2.6 M2.7 M2.4 M2.5 M2.0 ...
TWA9B M3 M3.7 M4.0 ... M5.1 M3.1 M3.4 M4.4 M3.4 ...
TWA15B M3 M3.8 M4.5 ... M6.7 M3.8 M3.3 M5.0 M2.1 ...
TWA7 M3 M3.8 M2.6 ... M3.5 M4.3 M3.3 M3.3 M3.7 ...
TWA15A M3.5 M3.8 M3.8 ... M7.2 M4.1 M4.0 M5.3 M2.5 ...
Sz121 M4 M4.3 M3.0 ... M3.6 M1.2 M5.8 M2.9 M2.1 ...
Sz94 M4 M3.7 M4.3 ... M4.9 M3.7 M3.0 M4.9 M4.0 ...
SO797 M4.5 M4.7 M2.3 ... M2.1 M6.0 M5.0 M3.6 M5.9 ...
SO641 M5 M5.2 M5.3 M5.8 M4.7 M4.2 M5.1 M5.9 M6.6 ...
Par−Lup3−2 M5 M5.0 M5.7 M5.7 M5.8 M4.0 M4.5 M6.1 M5.0 ...
SO925 M5.5 M5.5 M7.3 M6.3 M3.9 M1.5 M5.0 M6.2 M7.3 ...
SO999 M5.5 M5.4 M3.6 M5.8 M3.9 M5.7 M5.4 M6.1 M6.5 ...
Sz107 M5.5 M5.5 M5.7 M5.9 M6.1 M6.1 M5.6 M6.4 M4.5 ...
Par−Lup3−1 M6.5 M6.4 M6.6 M7.1 L0.8 M5.7 M8.6 L0.0 M5.5 ...
TWA26 M9 ... M8.4 M8.3 L0.0 M7.7 M9.9 L0.4 M6.8 M9.1
TWA29 M9.5 ... M9.4 M8.7 M9.3 M8.2 L0.8 L0.2 M7.2 M9.5
Notes. (a) SpT derived in this work as explained in Sect. 3.1. (b) Results obtained using the spectral indices in the VIS part of the spectrum, as
explained in Sect. 3.2. All the other columns refer to the results obtained using NIR spectral indices, as explained in Appendix B. SpT are reported
only in the range of validity of each index.
Table 5. Spectral indices from Riddick et al. (2007, et reference therein) adopted in our analysis for spectral type classification.
Index Range of validity Numerator [nm] Denominator [nm]
VO 7445 M5-M8 0.5625 (735.0-740.0) + 0.4375 (751.0−756.0) 742.0−747.0
VO 2 M3-M8 792.0−796.0 813.0−815.0
c81 M2.5-M8 811.5−816.5 (786.5−791.5)+(849.0−854.0)
R1 M2.5-M8 802.5−813.0 801.5−802.5
R2 M3-M8 814.5−846.0 846.0−847.0
R3 M2.5-M8 (802.5−813.0)+(841.5−846.0) (801.5−802.5)+(846.0−847.0)
TiO 8465 M3-M8 840.5−842.5 845.5−847.5
PC3 M3-M8 823.5−826.5 754.0−758.0
erature, with a typical difference . 0.2 dex. Hence, they are con-
sistent with our determinations, within the errors.
4.2. Stellar mass and age
In Fig. 6 we show the Hertzsprung-Russell diagram (HRD) of
our PMS stars, built using Teff as reported in Table 3 and L∗ de-
rived in Sec 4.1. We assign M∗ and age to our PMS stars by
interpolating evolutionary tracks from Baraffe et al. (1998) in
the HRD. The resulting M∗ are reported in Table 3. For four
objects (Sz107, Sz121, TWA26, and TWA29) the position in
the HRD implies an age <1 Myr, where theoretical models are
known to be very uncertain, and in fact are typically not tabu-
lated (Baraffe et al., 1998). We estimate the mass of these objects
extrapolating from the closest tabulated points, but we warn the
reader that the values are affected by high uncertainty.
Our YSOs are distributed along different isochrones; Lupus
YSOs appear to be younger than the others (age.2 Myr), while
σOri YSOs are distributed in isochronal ages in the range
2.age.10 Myr; finally, TW Hya targets appear generally close
to the 10 Myr isochrone. This is in general agreement with
what found in the literature; indeed, Lupus has an estimated
age of ∼1-1.5 Myr (Hughes et al., 1994; Comero´n, 2008), while
the σOri region is usually considered to be slightly older (∼3
Myr in average), and ranging from .1 Myr to several Myr
(Zapatero Osorio et al., 2002; Oliveira et al., 2004). For the TW
Hya association, the age estimates are &10 Myr (Mamajek,
2005; Barrado Y Navascue´s, 2006; Weinberger et al., 2012).
5. Line classification
The spectra of our objects are characterized by the presence of
photospheric absorption lines that depend on the SpT and in
some cases on the age. In order to assess the PMS status of the
objects in our sample, we check that the lithium absorption fea-
ture at λ 670.8 nm, which is related to the age of the YSOs (e.g.
Mentuch et al., 2008), is detected in all but one (Sz94) of the
objects. We discuss in more detail the implications of the non-
detection in Sz94 in Appendix A, and we explain why this object
could be anyway considered in our analysis as YSO. The values
of the lithium equivalent width (EWLiI) for the other objects in
the sample are ∼ 0.5 Å. A detailed analysis of this line and the
other photospheric absorption lines of the objects in our sample
will be carried out by Stelzer et al. (2013, in prep.).
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Fig. 6. Hertzsprung-Russell Diagram of the Class III YSOs of
this work. Data points are compared with the evolutionary tracks
(dotted lines) by Baraffe et al. (1998). Isochrones (solid lines)
correspond to 2, 10, 30 and 100 Myr.
In addition to these, we detect many emission lines, typically
H, He and Ca lines, that originate in the chromosphere of these
stars. In this work we concentrate on the emission lines charac-
terization, as we are interested in the chromospheric activity.
5.1. Emission lines identification
In order to understand the contribution of the chromospheric
emission to the estimate of Lacc through the luminosity of
accretion-related emission lines, we first identify in our spec-
tra the lines typically related to accretion processes in Class II
YSOs. Here, we describe which lines we detect and report their
fluxes and equivalent widths in Table 6 and 7.
The most common line detected in YSOs is the Hα line
at 656.28 nm, that is present in the spectra of all our ob-
jects. Emission in this line has been used as a proxy for YSO
identification and has been related to accretion processes (e.g.
Muzerolle et al., 1998; Natta et al., 2004). This line is also gen-
erated in chromospherically active YSOs (e.g. White & Basri,
2003). Similarly, the other hydrogen recombination lines of the
Balmer series are easily detected in almost all of our Class III
objects up to the H12 line (λ 374.9 nm). It is not easy, never-
theless, to determine the continuum around Balmer lines beyond
the H9 line (λ 383.5 nm), and the Hǫ line (λ 397 nm) is blended
with the CaII-K line. An example of a portion of the spectrum
from Hβ to H12 is shown in Fig. 7.
Hβ
Hγ
Hδ
Hε
H8H9H10
H11
H12
Ca H K
380 400 420 440 460 480
Wavelength [nm]
0.0
0.5
1.0
1.5
2.0
lo
g 
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F 4
36
)
Fig. 7. Portion of the spectrum, showing emission in all Balmer
lines from Hβ up to H12, as well as the CaII H and K lines, of the
YSO TWA13B. The spectrum has been smoothed to a resolution
R = 3750 at 375 nm.
The hydrogen recombination lines of the Paschen and
Brackett series, in particular the Paβ (λ 1281.8 nm) and Brγ
(λ 2166 nm) lines, have been shown to be related to accre-
tion by Muzerolle et al. (1998). These lines have subsequently
been used to survey star forming regions with high extinction
(Natta et al., 2004, 2006) in order to obtain accretion rate esti-
mates for very low mass objects. We do not detect any of these
lines in our Class III spectra, confirming that chromospheric ac-
tivity is not normally detectable with these lines.
The Calcium II emission lines at λλ 393.4, 396.9 nm
(Ca HK) and at λλ 849.8, 854.2, 866.2 nm (Ca IRT)
are related to accretion processes (e.g. Mohanty et al., 2005;
Herczeg & Hillenbrand, 2008; Rigliaco et al., 2012), but also to
chromospheric activity (e.g. Montes, 1998). The CaII H and K
lines are detected in 90% of our objects. The CaII IRT lines are
detected in 11 out of 13 objects with SpT earlier than M4. These
emission lines appear as a reversal in the core of the photospheric
absorption lines. For all 11 objects with SpT M4 or later, the CaII
IRT lines are not detected.
The HeI line at λ 587.6 nm is also known to be
associated with accretion processes (Muzerolle et al., 1998;
Herczeg & Hillenbrand, 2008), but in Class III YSOs is known
to be of chromospheric origin (e.g. Edwards et al., 2006). The
line is indeed detected in 22 (92%) objects. Other HeI lines at
λλ 667.8, 706.5, and 1083 nm are usually associated with accre-
tion processes (Muzerolle et al., 1998; Herczeg & Hillenbrand,
2008; Edwards et al., 2006); we detect only in Sz122 the HeI
lines at λλ 667.8, 706.5 nm, while we detect in 8 (33%) of the
objects the HeI line at λ 1083 nm.
Finally, there is no trace of forbidden emission lines in any
of our X-Shooter spectra, consistent with the expected absence
of circumstellar material in Class III YSOs.
5.2. Hα equivalent width and 10% width
A commonly used estimator for the activity in PMS stars is the
EW of the Hα line (e.g. White & Basri, 2003). This is useful es-
pecially when dealing with spectra that are not flux-calibrated
or with narrow-band photometric data. The absolute values of
this quantity as a function of the SpT of the objects are plotted
in Fig. 8 and the values are reported in Table 6. We observe a
well-known dependence of EWHα with SpT that is due to de-
creasing continuum flux for cooler atmospheres. With respect to
the threshold to distinguish between accreting and non-accreting
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Fig. 8. Hα equivalent width as a function of spectral type. The
dashed lines represent the boundary between accretors and non
accretors proposed by White & Basri (2003) for different SpT.
YSOs proposed by White & Basri (2003), all our targets satisfy
the criteria of White & Basri (2003) for being non-accretors.
Another diagnostic to distinguish between accreting and
non-accreting YSOs is the full width of the Hα line at 10% of
the line peak (White & Basri, 2003). This diagnostic has been
shown to be correlated with ˙Macc, but with a large dispersion
(Natta et al., 2004). Fig. 9 shows the EWHα absolute values ver-
sus the 10% Hα width. We see that for most of our objects the
10% Hα width is in the ∼100-270 km/s range, and for only
three objects this value is significantly above the threshold sug-
gested by White & Basri (2003) of 270 km/s (TWA6, Sz122, and
Sz121). In Appendix A we discuss about these objects, and we
explain why TWA6 and Sz121 can be considered in our analysis,
while Sz122 should be excluded because it is probably an unre-
solved binary. This is probably due to high values of vsini for
these objects, which broaden the line profile or to unresolved bi-
narity. For BDs, the threshold to distinguish accretors from non-
accretors is at 10% Hα width of 200 km/s (Jayawardhana et al.,
2003). This is satisfied for all the BDs in the sample. The values
of 10% Hα width are listed in Table 6.
5.3. Line luminosity
We measure the flux of each line by estimating the continuum in
the proximity of the line with the IDL astrolib outlier-resistant
mean task resistant mean. We then subtract the continuum
from the observed flux and calculate the integral, checking that
the whole line, including the wings, is included in the computa-
tion. To compute Lline we adopt the distances reported in Table 3.
For the CaII IRT lines, where the emission appears in
the core of the absorption feature, we subtract the contin-
uum from our spectrum following the prescription given by
Soderblom et al. (1993). Using a BT-Settl synthetic spectrum
(Allard et al., 2011) of the same Teff smoothed at the same res-
olution of our observed spectrum, we obtain an estimate of the
line absorption feature that is then subtracted in order to iso-
late the emission core of the line; finally, we integrate over the
continuum subtracted spectrum. We report in Tables 6 and 7 the
values obtained for the fluxes and the line EWs.
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1
10
|E
W Hα
| 
[Å
]
TWA
LupIII
σOri
Fig. 9. Hα equivalent width as a function of the 10% Hα width.
The vertical dashed line rerpesents the White & Basri (2003)
criterion for the boundary between accretors and non-accretors.
The objects with 10% Hα width bigger than 270 km/s are, from
right to left: Sz122, Sz121, TWA6 and TWA13A.
We include in Table 6 the values of the observed Balmer
jump, defined as the ratio between the flux at ∼360 nm
and that at ∼400 nm. Typical values found in the lit-
erature for ClassIII YSOs range between ∼0.3 and 0.5
(Herczeg & Hillenbrand, 2008; Rigliaco et al., 2012). In ClassII
YSOs, instead, the observed Balmer jump values are usually
larger, up to ∼6 (Hartigan et al., 1991; Herczeg & Hillenbrand,
2008; Rigliaco et al., 2012). For the objects in our sample, this
quantity ranges between ∼0.35 and ∼ 0.55 (see Table 6), with
the exception of Sz122. The values of the Balmer jump ratio for
the three BDs in the sample are not reported, because the SNR
of the UVB spectrum of these sources is too low to estimate this
quantity.
6. Implications for mass accretion rates
determination
The physical parameter that is used to estimate the accre-
tion activity in Class II YSOs is ˙Macc, which is derived from
Lacc and the stellar parameters using the following relation
(Hartmann et al., 1998):
˙Macc =
(
1 − R∗
Rm
)−1 LaccR∗
GM∗
=
LaccR∗
0.8GM∗
, (1)
where the factor 0.8 is due to the assumption that the accretion
flows arise from a magnetospheric radius Rm ∼ 5R∗ (Shu et al.,
1994).
When estimating Lacc in Class II YSOs with the direct
method of UV-excess fitting (e.g. Valenti et al., 1993), the
contribution to the continuum excess emission due to chro-
mospheric activity is probably negligible and it is normally
taken into account using as a template for the analysis a
Class III YSO of the same SpT (e.g. Herczeg & Hillenbrand,
2008; Rigliaco et al., 2011, 2012). However, Lacc is often de-
rived using spectral lines luminosity and appropriate empiri-
cal relations (see e.g. Muzerolle et al., 1998; Natta et al., 2004;
Herczeg & Hillenbrand, 2008, and references therein).
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Fig. 10. log(Lacc,noise/L⊙) obtained using different accretion tracers and the relations between Lline and Lacc from Alcala´ et al.
(2013, in prep.). The mean values obtained using the Balmer and HeIλ587.6 lines are shown with the blue solid lines and the 1σ
dispersion is reported with the blue dashed lines. Upper limits are reported with red empty triangles. The 10% Hα width is reported
with a blue filled circle.
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Fig. 11. Same as Fig. 10.
12
M
an
ara
et
al
.:Im
p
act
of
ch
ro
m
o
sph
eric
em
issio
n
o
n
accretio
n
rate
estim
ate
ofy
o
u
ng
stellar
objects
Table 6. Fluxes and equivalent widths of Balmer lines.
Name Hα Hβ Hγ Hδ H8 H9 H10 H11 10%Hα F360/F400
TWA9A 14.0 ± 1.1 4.7 ± 1.8 2.7 ± 1.5 2.2 ± 1.0 1.4 ± 0.2 1.0 ± 0.1 0.82 ± 0.07 0.91 ± 0.47 135.0 0.38
−1.48 −0.68 −0.62 −0.59 −0.80 −0.83 −0.43 −0.65
SO879 1.8 ± 0.2 0.52 ± 0.15 0.23 ± 0.08 0.20 ± 0.06 0.15 ± 0.01 0.11 ± 0.01 0.10 ± 0.00 0.078 ± 0.022 242.0 0.38
−2.08 −1.17 −0.70 −1.12 −1.62 −1.57 −1.74 −0.77
TWA6 36.4 ± 4.0 8.4 ± 2.1 5.1 ± 3.9 3.3 ± 0.7 2.0 ± 0.1 1.5 ± 0.1 1.4 ± 0.1 1.3 ± 0.7 362.0 0.41
−4.17 −1.68 −1.02 −1.43 −1.47 −1.54 −1.67 −1.36
TWA25 47.3 ± 3.7 18.8 ± 3.4 10.4 ± 2.6 7.5 ± 1.4 4.8 ± 0.2 3.4 ± 0.2 2.7 ± 0.2 2.2 ± 0.3 165.4 0.42
−2.69 −1.94 −1.86 −1.81 −2.26 −1.97 −1.14 −1.15
TWA14 15.4 ± 1.1 3.6 ± 0.5 2.1 ± 0.5 1.4 ± 0.2 0.87 ± 0.02 0.63 ± 0.02 0.50 ± 0.02 0.41 ± 0.07 262.2 0.45
−5.77 −3.18 −3.03 −2.91 −3.30 −2.73 −1.28 −1.87
TWA13B 23.8 ± 1.9 8.8 ± 1.4 4.8 ± 1.1 3.3 ± 0.5 1.9 ± 0.1 1.3 ± 0.1 0.95 ± 0.08 0.81 ± 0.12 121.9 0.39
−2.37 −1.94 −1.88 −1.75 −2.07 −1.65 −0.51 −0.94
TWA13A 85.7 ± 5.5 30.2 ± 4.0 17.0 ± 3.4 10.6 ± 1.3 4.8 ± 0.1 3.0 ± 0.1 2.3 ± 0.1 1.7 ± 0.2 287.8 0.45
−7.58 −6.07 −5.48 −5.11 −4.30 −3.41 −1.28 −1.68
TWA2A 42.0 ± 5.0 13.9 ± 2.1 6.6 ± 1.5 4.4 ± 0.8 2.8 ± 0.1 2.0 ± 0.1 1.4 ± 0.1 1.3 ± 0.2 154.7 0.38
−2.25 −1.88 −1.56 −1.36 −1.64 −1.38 −0.43 −0.84
Sz122 6.4 ± 0.8 3.2 ± 0.3 2.3 ± 0.6 1.5 ± 0.4 1.2 ± 0.1 1.0 ± 0.1 0.86 ± 0.05 0.59 ± 0.08 660.3 0.74
−6.76 −8.67 −10.00 −8.02 −11.57 −11.69 −10.02 −6.27
TWA9B 5.9 ± 0.6 2.0 ± 0.1 1.0 ± 0.1 0.71 ± 0.06 0.37 ± 0.01 0.24 ± 0.01 0.18 ± 0.01 0.16 ± 0.01 137.6 0.39
−4.81 −4.83 −4.20 −3.50 −3.09 −2.49 −0.71 −1.54
TWA15B 6.8 ± 0.3 2.0 ± 0.1 1.1 ± 0.1 0.72 ± 0.06 0.38 ± 0.01 0.27 ± 0.02 0.19 ± 0.01 0.16 ± 0.01 157.7 0.45
−8.96 −7.94 −7.19 −6.48 −6.20 −5.18 −1.60 −3.11
TWA7 46.7 ± 3.9 13.3 ± 0.9 6.8 ± 0.6 4.5 ± 0.4 2.6 ± 0.1 1.8 ± 0.1 1.4 ± 0.1 1.1 ± 0.1 111.6 0.41
−4.73 −4.53 −3.82 −3.36 −2.97 −2.36 −0.48 −1.68
TWA15A 10.4 ± 0.6 3.0 ± 0.2 1.8 ± 0.1 1.3 ± 0.1 0.62 ± 0.02 0.47 ± 0.02 0.33 ± 0.02 0.25 ± 0.03 250.3 0.55
−12.43 −10.34 −10.80 −9.68 −6.33 −8.07 −3.36 −4.06
Sz121 5.9 ± 0.8 1.1 ± 0.1 0.50 ± 0.10 0.28 ± 0.06 0.15 ± 0.01 0.12 ± 0.01 0.10 ± 0.01 0.087 ± 0.020 377.9 0.38
−7.01 −5.06 −3.79 −2.90 −2.33 −2.39 −2.32 −2.02
Sz94 2.3 ± 0.2 0.75 ± 0.05 0.42 ± 0.04 0.27 ± 0.02 0.14 ± 0.01 0.087 ± 0.006 0.064 ± 0.006 0.047 ± 0.008 188.9 0.39
−5.67 −5.79 −5.49 −4.43 −3.91 −2.73 −2.66 −1.18
SO797 0.16 ± 0.02 0.035 ± 0.003 0.016 ± 0.002 0.0099 ± 0.0015 0.0057 ± 0.0006 0.0037 ± 0.0011 0.0030 ± 0.0011 0.0022 ± 0.0007 149.3 0.43
−6.85 −6.83 −5.23 −3.89 −5.95 −3.71 −3.47 −1.48
SO641 0.090 ± 0.009 0.019 ± 0.001 0.0097 ± 0.0010 0.0053 ± 0.0006 0.0033 ± 0.0003 0.0025 ± 0.0003 0.0018 ± 0.0003 0.0012 ± 0.0002 131.2 0.38
−8.04 −9.08 −8.38 −5.42 −6.91 −5.98 −5.97 −1.74
Par−Lup3−2 1.1 ± 0.2 0.26 ± 0.03 0.14 ± 0.02 0.080 ± 0.011 0.041 ± 0.003 0.026 ± 0.003 0.019 ± 0.005 0.017 ± 0.005 138.7 0.36
−4.97 −4.88 −4.07 −2.67 −1.90 −1.38 −0.65 −1.39
SO925 0.081 ± 0.009 0.012 ± 0.001 0.0050 ± 0.0011 0.0030 ± 0.0013 <0.0012 <0.0011 <0.000975 <0.000877 142.2 0.68
−8.55 −6.81 −5.59 −4.29 ... ... ... ...
SO999 0.20 ± 0.02 0.031 ± 0.003 0.016 ± 0.002 0.0091 ± 0.0020 0.0050 ± 0.0011 0.0036 ± 0.0006 0.0024 ± 0.0005 0.0021 ± 0.0007 147.1 0.45
−8.70 −7.99 −7.80 −5.31 −4.23 −4.18 −2.43 −1.35
Sz107 1.8 ± 0.2 0.40 ± 0.03 0.21 ± 0.02 0.13 ± 0.02 0.064 ± 0.010 0.049 ± 0.007 0.036 ± 0.006 0.025 ± 0.008 254.9 0.38
−11.72 −11.77 −9.88 −6.91 −4.28 −4.23 −2.57 −2.07
Par−Lup3−1 0.22 ± 0.02 0.024 ± 0.007 0.016 ± 0.007 0.0073 ± 0.0060 <0.0082 <0.0066 <0.0072 <0.0055 140.0 1.43
−15.78 −16.82 −29.99 −9.01 ... ... ... ...
TWA26 0.052 ± 0.008 0.012 ± 0.002 0.0085 ± 0.0016 0.0068 ± 0.0017 0.0038 ± 0.0007 <0.0020 <0.0022 <0.0018 138.4 1.55
−9.91 −27.07 −66.62 −35.39 −97.42 ... ... ...
TWA29 0.019 ± 0.003 <0.0016 <0.0014 <0.0018 <0.0021 <0.0017 <0.0028 <0.0028 114.9 1.56
−14.24 ... ... ... ... ... ... ...
Notes. Fluxes (10−14 erg s−1 cm−2) are reported in the first rows for each objects with their errors, while equivalent widhts (Å) in the second rows. The Hα 10% width is in km/s. The last column
refers to the Balmer jump ratio, intened as the ratio between the flux at ∼360 nm to the flux at ∼400 nm. Upper limits are reported with <.
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Table 7. Fluxes and equivalent widths of Helium and Calcium lines.
Name HeIλ587.6 HeIλ1083 CaIIλ393.4 CaIIλ849.9 CaIIλ854.2 CaIIλ866.2
TWA9A 5.71e-15 ± 3.31e-15 <1.10e-14 9.59e-14 ± 7.44e-16 4.53e-13 ± 3.21e-15 2.27e-13 ± 4.47e-15 2.59e-13 ± 4.36e-15
−0.08 ... −13.46 0.16 0.38 0.46
SO879 1.08e-15 ± 6.52e-16 <5.63e-16 9.82e-15 ± 1.57e-16 4.04e-14 ± 3.13e-16 1.78e-14 ± 3.74e-16 2.26e-14 ± 3.65e-16
−0.15 ... −18.79 -0.04 0.28 0.37
TWA6 1.87e-14 ± 1.47e-14 2.99e-14 ± 9.97e-15 9.66e-14 ± 4.87e-15 <3.54e-15 <4.89e-15 <2.85e-15
−0.25 −0.39 −12.29 ... ... ...
TWA25 2.39e-14 ± 1.14e-14 3.80e-14 ± 3.85e-14 2.46e-13 ± 1.60e-15 8.53e-13 ± 6.41e-15 3.86e-13 ± 9.47e-15 3.73e-13 ± 7.90e-15
−0.19 −0.16 −20.04 0.01 0.23 0.35
TWA14 6.27e-15 ± 5.04e-15 1.61e-14 ± 5.51e-15 3.92e-14 ± 1.13e-15 1.54e-13 ± 1.29e-15 7.35e-14 ± 2.48e-15 6.42e-14 ± 1.05e-15
−0.31 −0.44 −19.84 0.02 0.41 0.49
TWA13B 1.66e-14 ± 7.83e-15 8.55e-14 ± 5.30e-14 1.22e-13 ± 7.24e-16 5.33e-13 ± 4.54e-15 2.13e-13 ± 6.06e-15 2.16e-13 ± 4.83e-15
−0.24 −0.61 −21.91 0.01 0.22 0.32
TWA13A 4.33e-14 ± 1.21e-14 <1.73e-14 1.83e-13 ± 1.18e-14 6.50e-13 ± 5.87e-15 2.93e-13 ± 1.01e-14 3.18e-13 ± 7.42e-15
−0.61 ... −15.88 -0.12 0.15 0.26
TWA2A 1.61e-14 ± 5.31e-15 <3.93e-14 2.10e-13 ± 7.81e-16 1.23e-12 ± 1.05e-14 4.94e-13 ± 1.38e-14 3.84e-13 ± 9.01e-15
−0.16 ... −21.62 0.08 0.32 0.42
Sz122 2.93e-15 ± 6.09e-16 2.18e-15 ± 2.18e-15 1.88e-14 ± 7.91e-16 <4.84e-16 <6.36e-16 <2.94e-16
−0.44 −0.06 −19.58 ... ... ...
TWA9B 1.96e-15 ± 2.73e-16 <3.74e-15 1.72e-14 ± 1.44e-16 1.15e-13 ± 1.33e-15 5.84e-14 ± 1.57e-15 3.64e-14 ± 9.35e-16
−0.37 ... −20.82 0.02 0.18 0.32
TWA15B 2.63e-15 ± 5.10e-16 1.30e-14 ± 4.50e-15 1.51e-14 ± 3.17e-16 6.10e-14 ± 8.13e-16 2.69e-14 ± 1.36e-15 2.19e-14 ± 5.98e-16
−0.69 −0.58 −27.41 -0.20 0.03 0.19
TWA7 1.66e-14 ± 2.82e-15 <1.57e-14 1.42e-13 ± 8.57e-16 8.47e-13 ± 9.56e-15 3.90e-13 ± 1.19e-14 3.91e-13 ± 6.34e-15
−0.35 ... −25.00 -0.10 0.07 0.22
TWA15A 4.40e-15 ± 6.80e-16 1.32e-14 ± 4.04e-15 1.79e-14 ± 8.08e-16 7.13e-14 ± 9.30e-16 3.11e-14 ± 1.59e-15 2.84e-14 ± 7.04e-16
−1.05 −0.70 −19.29 -0.31 -0.02 0.16
Sz121 <1.45e-16 3.50e-15 ± 3.22e-15 1.22e-14 ± 5.84e-16 <1.30e-15 <2.23e-15 <7.06e-16
... −0.11 −23.33 ... ... ...
Sz94 1.12e-15 ± 1.41e-16 <9.13e-16 5.64e-15 ± 1.53e-16 <7.37e-16 <9.93e-16 <3.70e-16
−0.59 ... −18.92 ... ... ...
SO797 2.92e-17 ± 7.82e-18 <3.02e+02 2.48e-16 ± 2.09e-17 <7.25e-17 <1.11e-16 <4.69e-17
−0.35 ... −20.54 ... ... ...
SO641 2.12e-17 ± 3.81e-18 <5.96e-17 1.00e-16 ± 2.47e-18 <4.89e-17 <6.87e-17 <3.47e-17
−0.65 ... −16.82 ... ... ...
Par−Lup3−2 3.00e-16 ± 7.21e-17 <9.93e-16 1.39e-15 ± 4.54e-17 <9.00e-16 <1.25e-15 <5.15e-16
−0.46 ... −9.30 ... ... ...
SO925 1.98e-17 ± 3.89e-18 <7.64e-17 8.55e-17 ± 7.46e-18 <4.93e-17 <7.12e-17 <3.54e-17
−0.79 ... −18.79 ... ... ...
SO999 2.70e-17 ± 8.90e-18 <1.19e-16 2.05e-16 ± 3.06e-17 <9.80e-17 <1.65e-16 <7.89e-17
−0.42 ... −15.56 ... ... ...
Sz107 3.08e-16 ± 1.66e-16 <5.19e-16 3.34e-15 ± 1.76e-16 <5.03e-16 <1.06e-15 <3.70e-16
−0.57 ... −25.26 ... ... ...
Par−Lup3−1 6.02e-17 ± 5.72e-17 <3.71e-16 <4.40e-17 <1.97e-16 <2.86e-16 <1.58e-16
−2.35 ... ... ... ... ...
TWA26 1.89e-17 ± 9.96e-18 <4.28e-16 6.20e-17 ± 1.82e-17 <1.10e-16 <1.69e-16 <8.50e-17
−1.88 ... −56.20 ... ... ...
TWA29 <2.27e-17 <9.49e-17 <2.02e-17 <2.59e-17 <4.37e-17 <2.73e-17
... ... ... ... ... ...
Notes. Fluxes are reported in [erg s−1 cm−2] in the first rows, Equivalent Widths (EW) in [Å] are reported in the second rows. Upper limits are shown with <.
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Several of the lines normally used for these studies are in-
fluenced by chromospheric activity (Sect. 5), which should be
estimated and subtracted from the line emission before com-
puting Lacc. This procedure is not trivial, as it is difficult to
properly disentangle the two emission processes in each ob-
ject and each line. All the Lacc − Llines relations are always
based on the non-corrected values of Lline. This correction, as
shown in Ingleby et al. (2011) and Rigliaco et al. (2012), can be
important in objects with low Lacc and in particular in VLM
stars. Therefore, the chromospheric emission acts as a system-
atic “noise” which affects the Lacc measurements.
In the following, we will characterize this effect using the
Lline derived in Sect. 5 and the most recent Lacc − Lline relations
for Class II YSOs derived by Alcala´ et al. (2013, in prep.). These
relations have been derived using the same method as described
in Rigliaco et al. (2012), where Laccis obtained from the contin-
uum excess emission and then compared with the Llineof the sev-
eral emission line diagnostics in every object. In Alcala´ et al.
(2013, in prep.) the sample is composed of 36 YSOs located
in the Lupus-I and Lupus-III clouds, together with 8 additional
YSOs located in the σ-Ori region from Rigliaco et al. (2012).
These relations are not quantitatively different from those in the
literature, but have significantly smaller uncertainties and have
been derived for stars with similar properties than the Class III
analyzed here. For each Class III object, we compute Lacc from
a number of different lines, as described in the following. This
provides a measurement of the “noise” introduced in the deter-
mination of Lacc from line luminosities in Class II. It represents a
typical threshold for the determination of Lacc in Class II objects
by chromospheric activity, assuming that this is approximately
the same in the two different classes of objects, with and without
ongoing accretion; we define it in the following as Lacc,noise.
6.1. Accretion luminosity noise
Alcala´ et al. (2013, in prep.) are using a sample of Class II YSOs
in the Lupus star forming region observed with X-Shooter to
refine the Lacc − Lline relations. We adopt their relations to es-
timate the Lacc,noise for our Class III YSOs, using in particular
the Hα, Hβ, Hγ, Hδ, H8, H9, H10, H11, HeI (λλ587.6, and
1083 nm), CaII (λ393 nm), CaII (λ849.8 nm), CaII (λ854.2 nm)
and CaII (λ866.2 nm) lines. Moreover, we use the relation from
Natta et al. (2004) between ˙Macc and the 10% Hα width to esti-
mate Lacc,noise from this indicator.
We show in Fig. 10-11 the values of Lacc,noise for every ob-
ject obtained using the different indicators. The uncertainties on
these values are dominated by the errors in the relations between
Lline and Lacc. Upper limits for undetected lines are shown with
triangles and indicate the 3σ upper limits. Each Balmer line
leads to values of Lacc,noise that are always in agreement with
the other Balmer lines by less than ∼0.2 dex, and similarly the
HeIλ587.6 line almost in all cases. Solid lines represent the arith-
metic mean of the Balmer and HeIλ587.6 Lacc,noise values, which
is also reported in Table 3, while the dashed lines show the one
sigma standard deviation. The HeIλ1083 and the CaII lines, in-
stead, are in various cases not in agreement with the result ob-
tained using the Balmer and HeIλ587.6 lines, with differences even
larger than 0.6 dex. It should be considered that the exact value
of the CaII IRT lines luminosity is subject to many uncertainties,
due to the complicated procedure to estimate the excess luminos-
ity (see Sect. 5.3).
The Paschen and Brackett HI emission lines are not de-
tected in our spectra, as pointed out in Sect. 5.1. We report
in Fig. 10-11 the 3σ upper limits for Lacc,noise obtained us-
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Fig. 12. Mean values of log(Lacc,noise/L⊙) obtained with different
accretion diagnostics as a function of Teff. Error bars represent
the standard deviation around the mean log(Lacc,noise/L⊙). These
data should be intended as the noise in the values of Lacc due to
chromospheric emission flux.
ing the Paβ and Brγ line luminosities and the relations from
Alcala´ et al. (2013, in prep.). These values are always below the
mean Lacc,noise value obtained with the Balmer and HeIλ587.6
lines. This implies that those lines are less sensitive to chromo-
spheric activity than the Balmer lines.
The 10% Hα width is the accretion indicator that leads to
values of Lacc,noise more discrepant from the mean (blue circles
in Fig. 10-11). This clearly does not follow in more than 50% of
the cases the results obtained using the other indicators. This is
not surprising as the Hα width is mainly a kinematics measure-
ment, contrary to Lline measurements. It is to be expected that
the application of a method calibrated for accretion processes to
chromospheric activity would result in inconsistencies. We know
that the broadening of the Hα line and the other accretion-related
lines is due to the high-velocity infall of material in the accretion
flows, while the intensity of the emission lines is due to emission
from high temperature region. The latter can be either accretion
shocks on the stellar surface or chromospheric emission. The
fact that in our sample of non-accreting objects relations con-
verting Lline to Lacc lead to similar results when using line fluxes,
while the result is quite different when using line broadening
seems to confirm that the Hα 10% width we detect is only due
to thermal broadening in the chromosphere of these stars and
not to gas flow kinematics associated with the accretion onto the
central object.
For all objects, the mean Lacc,noise value is always below
∼ 10−3L⊙ and this value decreases monotonically with the SpT.
In Fig. 12 these mean values of log(Lacc,noise/L⊙) obtained with
the Balmer and HeIλ587.6 lines are plotted as a function of the
Teff of the objects. The error bars on the plot represent the stan-
dard deviation of the derived values of Lacc,noise3. These values
should be intended as the noise in the Lacc values arising from
the chromospheric activity. In Fig. 13 we show the mean values
of the logarithmic ratio Lacc,noise/L∗ obtained using the Balmer
3 For the object TWA29, where only the Hα line is detected, we re-
port with a dashed line the error on the estimate of Lacc,noise/L⊙ from this
line in Fig. 12-13.
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Fig. 13. Mean values of log(Lacc,noise/L∗) obtained with different
accretion diagnostics as a function of logTeff. The dashed line
is the best fit to the data, whose analytical form is reported in
Eq. (2). Two objects (Sz122 and TWA9A) are excluded from the
fit (empty symbols), as explained in the text.
and HeIλ587.6 lines as a function of the Teff . Contrary to Fig. 12,
the quantity Lacc,noise/L∗ is unbiased by uncertainties on distance
values or by different stellar ages, leading to smaller spreads.
We see that from the K7 objects down to the BDs, the values of
log(Lacc,noise/L∗) decrease with the Teff of the YSOs. Fitting with
a power-law the Lacc,noise- Teff relation, using only the objects in
the range K7-M9.5 and excluding Sz122 (see Appendix A for
detail), we obtain the following analytical relation (dashed line
in Fig. 13):
log(Lacc,noise/L∗) = (6.17 ± 0.53) · log Teff − (24.54 ± 1.88) (2)
The only clear deviation from the general trend, apart
from Sz122, is the K5 YSO TWA9A, which shows a value
of log(Lacc,noise/L∗) lower by ∼0.6 dex with respect to what
should be expected by the extrapolation of the previous relation.
Unfortunately, our sample is too small and we do not have other
objects with earlier SpT to verify whether this low value is ac-
tually a different trend due to different chromospheric activity
for earlier SpT YSOs or if the source is peculiar. There are also
signatures of different chromospheric activity intensity among
objects with the same SpT and located in the same region; for
example, the two TW Hya M1 YSOs, which are two compo-
nents of a binary system, thus coeval objects, have a spread in
log(Lacc,noise/L∗) of ∼0.5 dex.
Values of Lline and Lacc in Class II YSOs that are of the order
of those estimated in this work should be considered very care-
fully, as the chromospheric activity could be an important factor
of the excess luminosity in the line and could produce mislead-
ing results.
6.2. Mass accretion rate noise
In this section, we determine what the typical “chromospheric
noise” on ˙Macc would be when derived from indirect methods if
the chromospheric emission is not subtracted before computing
Lline. We will refer to this quantity as ˙Macc,noise.
The procedure used is the following. We select three
isochrones (1, 3, and 10 Myr) from Baraffe et al. (1998) mod-
els and nine different YSOs masses (0.11, 0.20, 0.35, 0.40, 0.60,
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Fig. 14. log ˙Macc,noise as a function of log M∗, with values
of ˙Macc,noise obtained using three different isochrones from
Baraffe et al. (1998) and the values of Lacc,noise/L∗ derived from
the fit in Eq. (2) at any Teff. Results using the 1 Myr isochrone
are reported with filled circles, those using the 3 Myr isochrone
with filled triangles, and those using the 10 Myr isochrone with
filled squares.
Table 8. Values of log ˙Macc,noise at different M∗ and ages.
M∗ Age [Myr]
[M⊙] 1 3 10
0.11 −10.59 −11.08 −11.62
0.20 −10.15 −10.80 −11.26
0.35 −9.96 −10.41 −10.94
0.40 −9.90 −10.32 −10.83
0.60 −9.66 −10.05 −10.51
0.75 −9.50 −9.90 −10.33
0.85 −9.40 −9.80 −10.20
1.00 −9.28 −9.67 −9.97
1.10 −9.18 −9.52 −9.80
Notes. Values of log ˙Macc,noise at different M∗ and different ages obtained
using isochrones from Baraffe et al. (1998) and the procedure explained
in Sect. 6.2.
0.75, 0.85, 1.00, and 1.10 M⊙), which correspond always to
Teff in the range 2500-4000 K, where our results are applicable.
Then, for each Teff we derive Lacc,noise/L∗ using the fit reported in
Eq. (2). Finally, we use Eq. (1), adopting the proper R∗, M∗ and
L∗ at any age from the Baraffe et al. (1998) tracks, in order to
determine the typical ˙Macc,noise at different ages as a function of
M∗. The results are shown in Fig. 14, where a strong correlation
between the two parameters is evident, with increasing ˙Macc,noise
with M∗. At the same time, the variation of ˙Macc,noise with age at
any given M∗ is large, up to 0.5 dex for differences of 2 Myr at
the H-burning limit, but decreases with increasing M∗. Similar
results are obtained when using other evolutionary models.
We derive a limit on the detectable ˙Macc of∼ 6.6·10−10 M⊙/yr
for solar-mass, young (1 Myr) objects, decreasing to 2.5 · 10−12
M⊙/yr for low-mass, older (10 Myr) objects. We report these
˙Macc,noise values for the three isochrones analyzed in Table 8.
6.2.1. Comparison with literature data
As discussed, ˙Macc,noise is a lower limit to the values of ˙Macc that
can be derived from the luminosity of lines emitted by stellar
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Fig. 15. log ˙Macc as a function of log M∗ for Class II objects located in different star forming regions. Data for ρOph are from
Natta et al. (2006), corrected for new distance measurements by Rigliaco et al. (2011); ONC points are from Manara et al. (2012),
data for L1630N and L1641 are from Fang et al. (2009), and those for ChaII from Biazzo et al. (2012). ˙Macc values obtained with
indirect methods are shown with coloured filled points, while measurements based on the direct U-band excess method are shown
with grey empty points as a reference. Downwards triangles refer to upper limits. The thick red solid line is the lower limit to the
measurements of ˙Macc set by chromospheric activity in the line emission. We use the values for the correct isochrone according to
the mean value of the age for each region, as reported on the plot.
chromospheres. In this section, we compare this chromospheric
limit with estimates of ˙Macc based on Lline from the literature.
We show in Fig. 15 values of ˙Macc as a function of M∗ ob-
tained with optical or NIR emission lines as accretion diagnostic
for objects located in four star forming regions with different
ages: ρ-Ophiucus, the Orion Nebula Cluster, the L1630N and
L1641 regions, and the Chameleon II region. We overplot with
red solid lines the locii of ˙Macc,noise obtained using the proper
isochrone for the mean age of each region. In this way we do
not address possible differences in ˙Macc due to age spreads in
these regions, but these spreads, if present, are .1-2 Myr (see
e.g. Reggiani et al., 2011). The effect of a similar age spread on
the ˙Macc,noise threshold would be of ∼0.5 dex for low-mass ob-
jects and of ∼0.3 dex for solar-mass stars (see Fig. 14).
We consider in this analysis ˙Macc values obtained using op-
tical emission lines. In Fig. 15 we show the values for the ∼1
Myr old regions L1630N and L1641 (Fang et al., 2009), where
the Hα, Hβ, and HeI lines were used, those for the ∼ 2-3 Myr
old Orion Nebula Cluster (Manara et al., 2012) obtained with
photometric narrow-band Hα luminosity estimates4, and those
obtained with the Hα, Hβ, and HeI lines for the ∼4 Myr old
Chameleon II region (Biazzo et al., 2012). In all these cases, the
vast majority of datapoints are found, as expected, well above
the ˙Macc,noise threshold, confirming that chromospheric contri-
4 We report also the values of ˙Macc obtained through U-band excess
by Manara et al. (2012), which are shown with empty symbols as a
comparison.
bution to the line emission is negligible for strongly accreting
YSOs. Nevertheless, there are a few (11) objects in L1630N and
L1641, where measured values of ˙Macc are smaller than the ex-
pected ˙Macc,noise. One possibility to explain this result is variable
accretion in these objects, which has been found to vary as much
as 0.4 dex over time-scales of 1 year (Costigan et al., 2012). Still,
this does not explain why only lower mass object happen to be
below the threshold. In any case, these points should be con-
sidered with caution, as the measured Lline could be completely
due to chromospheric emission, leading to erroneous estimates
of ˙Macc.
For the ∼1 Myr old ρ Ophiucus region we consider the Lline
derived through Paβ and Brγ lines (Natta et al., 2006), corrected
for a more recent estimate of the distance (see Rigliaco et al.,
2011). As we noted in Sect. 5.1 and 6.1, Paβ and Brγ lines are
not detected in our Class III YSOs spectra. In Fig. 15, all the de-
tections (blue filled circles) are located well above the ˙Macc,noise
locus, while the upper limits (blue open triangles) are distributed
also at the edge of the ˙Macc,noise threshold. This confirms the va-
lidity of these NIR lines as good tracers of accretion and the fact
that they are most likely less subject to chromospheric noise than
the Balmer and HeIλ587.6 lines.
7. Conclusion
In this paper, we presented the analysis of 24 diskless, hence
non-accreting Class III YSOs, observed with the broad-band,
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medium-resolution, high-sensitivity VLT/X-Shooter spectro-
graph. The targets are located in three nearby star forming re-
gions (Lupus III, σ Ori and TW Hya) and have SpT in the range
from K5 to M9.5. We have checked the SpT classifications, us-
ing both spectral indices and broad molecular bands. Moreover,
using the flux calibrated spectra, we have derived the stellar lu-
minosity. Then, we have analyzed the emission lines related to
accretion processes in accreting objects that are present in these
spectra and, from their luminosities, we have studied the impli-
cations of chromospheric activity for ˙Macc determination in ac-
creting (Class II) objects. This has been done by deriving the
parameter Lacc,noise, which is the systematic “noise” introduced
by chromospheric emission in the measurements of Lacc from
line emission in Class II objects. For this analysis we assumed a
similar chromospheric activity in the two classes of objects.
Our main conclusions are:
1. All hydrogen recombination emission lines of the Balmer se-
ries are detected in our sample of Class III YSOs spectra
when the S/N is high enough. On the opposite, Paschen and
Brackett series lines are not detected in emission, and they
are significantly weaker, when compared to Balmer lines,
then in Class II objects. The chromospheric “noise” in these
lines is lower than in the optical lines (see Fig. 10-11), and
they are very good tracers of accretion in low-mass, low ac-
cretion rates objects.
2. Using Balmer and HeIλ587.6 lines and the calibrated relations
between Lline and Lacc from the literature, we derive Lacc,noise
values always in good agreement among all the lines.
3. Calcium emission lines in the NIR spectral range (λλ 849.8,
854.2, 866.2 nm) are detected in 11 objects (45% of the sam-
ple) superposed on the photospheric absorption lines. This
results in a more complicated line flux measurement than for
other lines. Their behavior with respect to the hydrogen line
luminosities is different; in particular, the values of Lacc,noise
obtained using these lines are often not in good agreement
with those obtained using Balmer and HeIλ587.6 lines.
4. The mean values of Lacc,noise for the objects in our sample are
smaller than ∼10−3L⊙ and have a clear dependence with Teff
for K7-M9.5 objects. Therefore, Lacc of this order or smaller
measured in Class II objects using line luminosity as a proxy
of accretion may be significantly overestimated if the chro-
mospheric contribution to the line luminosity is not taken
into account.
5. Our results show that the “noise” due to chromospheric ac-
tivity on the estimate of ˙Macc in Class II YSOs obtained using
secondary indicators for accretion has a strong dependence
with M∗ and age. Typical values of log( ˙Macc,noise) for M-type
YSOs are in the range from ∼ −9.2 for solar-mass young (1
Myr) objects to −11.6 M⊙/yr for low-mass, older (10 Myr)
objects. Therefore, derived accretion rates below this thresh-
old should be treated with caution as the line emission may
be dominated by chromospheric activity.
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Appendix A: Comments on individual objects
A.1. Sz94
Sz94 was discovered as an Hα emitting star in the survey by
Schwarz (1977). Since then, it has been considered as a PMS
star in reviews and investigations (Krautter, 1992; Hughes et al.,
1994; Comero´n, 2008; Mortier et al., 2011), but nothing was
mentioned about the presence of the lithium absorption line at
670.8 nm. Based on its spectral energy distribution, Sz94 has
been classified as a Class III IR YSO by Merı´n et al. (2008).
For all these reasons, we included the star in our programme
as a Class III template of M4 SpT. Notwithstanding the high
quality of the X-Shooter data in terms of S/N and resolution,
the Li I λ 670.8 nm line is not present in the spectrum, and we
determine an upper limit of EWLi < 0.1Å. The question then
rise whether lithium may have already been depleted in the star.
However, lithium is significantly depleted by large factors only
after several tens of Myr, inconsistently with the average age of
a few Myr of the Lupus members. Analysis on the radial veloc-
ity of this object show that its value is in the range of typical
values for Lupus sources (Stelzer et al., 2013, in prep.). We con-
sider here the source as a PMS given its position in the HRD,
the Hα emission and the radial velocity measurement, but more
analysis should be carried out to confirm its PMS status.
A.2. Sz122
Sz122 is a Class III object classified with Spitzer (Merı´n et al.,
2008). All the lines of this object appear very broadened.
Nevertheless, the spectrum cannot be fitted with synthetic spec-
tra broadened at reasonable values of vsini, meaning that this is
not a single fast rotator. We think, therefore, that this object is a
binary system. This could explain the very faint LiI line (EWLi <
0.25 Å) and the lack of emission in the CaII IRT absorption fea-
tures, that is usually found in other early M-type objects of our
sample. Even the presence of a broad Hα line (10% width > 600
km/s) can be explained by the presence of two objects. We do not
consider this object in the analysis of the implications of chro-
mospheric activity on ˙Macc measurements, because the effect of
its binarity cannot be accounted for.
A.3. Sz121
Similarly to Sz122, the lines of this object appear very broad-
ened. Also in this case, the object is classified with Spitzer as a
Class III (Merı´n et al., 2008). We can fit the spectrum with a syn-
thetic spectrum of the same Teff , logg=4.0 and vsini = 70 km/s.
This value of vsini is rather high for a typical M4-type YSO.
If true, it would be an extreme ultra-fast rotator. The large 10%
Hα width (∼380 km/s) is then due due to its very high rotational
velocity. Another possibility, is that this object may also be an
unresolved spectroscopic binary.
A.4. TWA6
This object has been discovered and classified as a young non-
accreting object by Webb et al. (1999). It is a member of the
TWA association and it is a known fast rotator (vsini=72 km/s,
Skelly et al. (2008)). We measure a 10% Hα width of 362
km/s. This is larger than the threshold to distinguish accreting
and non-accreting objects proposed by White & Basri (2003).
Nevertheless, this object can be considered a Class III YSO for
the small EWHα, the small Balmer jump and, in particular, the
IR classification. For these reasons we consider this object in our
analysis.
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Appendix B: NIR spectral indices
Spectral indices in the NIR part of the spectrum are particularly
useful to classify VLM stars and BDs, which emit most of their
radiation in this spectral region. Therefore, various analyses to
calibrate reliable NIR indices to classify late M-type objects and
BDs have been carried out in the past (e.g. Kirkpatrick et al.,
1999). With our sample, we are able to verify the validity of var-
ious NIR indices for M-type YSOs, comparing the SpT obtained
through optical spectroscopy (Sect. 3). We consider in this analy-
sis different NIR indices which have been calibrated using either
dwarfs or young stars (subgiants) for objects with SpT M or later.
In particular, Rojas-Ayala et al. (2012) calibrated the H2O − K2
index using a sample of M dwarfs, and derived a relation valid
for the whole M class; Allers et al. (2007) calibrated on a sample
of young BDs and dwarfs the gravity independent spectral index
H2O, which is valid for objects with SpT in the range M5-L0;
Testi et al. (2001) and Testi (2009) proposed various spectral in-
dices (sH2OJ , sH2OK , sKJ, sHJ, sH2OH1, sH2OH2, IJ, IH , and
IK) to classify M-, L-, and T-type BDs, calibrating those on a
large sample of dwarfs; finally, Scholz et al. (2012) used a sam-
ple of VLM YSOs to calibrate the HP index, which is valid for
objects with SpT in the range M7-M9.5. We report those indices
in Table B.1.
Fig. B.1 shows the results of this analysis: the SpTs obtained
in Sect. 3 are reported as a function of each spectral index for
our objects (red crosses when SpTs are in the range of validity
of an index and red circles when not). For the spectral indices
derived in Testi et al. (2001) and Testi (2009), we report also the
data for the sample of L- and M-type dwarfs they adopted in the
analysis (green crosses). We stress that the latter sample should
be considered with cautions, as gravity dependent spectral in-
dices calibrated using samples of dwarfs may not be reliable for
YSOs, which are subgiants. The published relations between the
SpT and the spectral indices in the range of validity of each index
are shown as black dashed lines5.
We see that the indices sH2OH2, sKJ, sHJ, and IK cannot be
used to classify YSOs of M-type class. On the opposite, we find
a good correlation with the indices sH2OK , sH2OJ, sH2OH1, IJ ,
and IH . For these indices we decide to fit altogether our objects
and those from the literature in all cases, using either a linear or
a second degree polynomial fit. We show in Fig. B.1 the best fit
obtained, with a black solid line in case of linear fit and a red
solid line when the best fit is polynomial. Using these relations,
we derive the SpT for each of our YSOs, and we report these
results in Table 4. We thus propose new SpT-spectral index re-
lations for the following five indices from Testi et al. (2001) and
Testi (2009). The first three are valid for objects with SpT later
and equal to M1:
SpT − code = 0.55 + 2.48 · sH2OK (B.1)
SpT − code = 0.38 + 2.89 · sH2OH1 − 1.56 · (sH2OH1)2 (B.2)
SpT − code = 1.11 + 3.92 · IH − 5.35 · (IH)2 (B.3)
The folloewing two indices are valid for objects with SpT
later and equal to M2:
SpT − code = 0.70 + 2.90 · sH2OJ − 1.78 · (sH2OJ)2 (B.4)
SpT − code = 1.83 + 1.08 · IJ − 2.59 · (IJ)2 (B.5)
where the SpT are coded in the following way: M0 ≡ 0.0, M9 ≡
0.9, L5 ≡ 1.5 and a variation of 0.1 corresponds to a step of one
5 No published relations are available for the indices IJ and IK
subclass. For these spectral indices we conclude that results for
objects with SpT in the nominal range of validity of each index
are reliable within a typical uncertainty of ∼ one subclass.
A good correlation is also found for the spectral index
H2O−K2; using the analytical relation between SpT and spectral
index from the literature, we obtain for 13 out of 22 objects with
M SpT results that are compatible within one sub-class with the
correct SpT (see Table 4). The differences can be due to the non
perfect telluric removal in the first interval of interest of this in-
dex. Moreover, we confirm that the H2O index is valid for YSOs
with SpT in the range M5-M9.5, finding an agreement within
one sub-class for all our objects (see Table 4). Regarding the HP
index, we confirm that it is not valid for YSOs with SpT earlier
than M7, and we observe that the SpT obtained with this index
confirm those from literature for our two later SpT objects (see
Table 4).
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Appendix C: On-line material
C.1. NIR spectra
Manara et al.: Impact of chromospheric emission on accretion rate estimate of young stellar objects, Online Material p 2
Fig. C.1. Spectra of Class III YSOs with spectral type earlier than M3 in the NIR arm. All the spectra are normalized at 1700 nm
and offset in the vertical direction by 0.5 for clarity. The spectra are also smoothed to the resolution of 2000 at 2000 nm to make
easier the identification of the features.
Manara et al.: Impact of chromospheric emission on accretion rate estimate of young stellar objects, Online Material p 3
Fig. C.2. Same as Fig. C.2, but for spectral types between M3 and M5.
Manara et al.: Impact of chromospheric emission on accretion rate estimate of young stellar objects, Online Material p 4
Fig. C.3. Same as Fig. C.3, but for spectral types later than M5.
Manara et al.: Impact of chromospheric emission on accretion rate estimate of young stellar objects, Online Material p 5
C.2. UVB spectra
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Fig. C.4. Spectra of Class III YSOs with spectral type earlier than M2 in the UVB arm. All the spectra are normalized at 450 nm
and offset in the vertical direction for clarity. The spectra are also smoothed to the resolution of 1500 at 400 nm to make easier the
identification of the features.
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Fig. C.5. Same as Fig. C.5, but for spectral types between M2 and M4.
Manara et al.: Impact of chromospheric emission on accretion rate estimate of young stellar objects, Online Material p 8
Fig. C.6. Same as Fig. C.6, but for spectral types later than M4.
